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SOIL ANDVEGETATIONDEVELOPMENTIN ANABANDONED
SHEEPCORRALONDEGRADEDSUBALPINE RANGELAND

James O. Kleniniedsoni and Arthur R. Tiedemann^

Abstract. —Vegetation and soils inside and outside an abandoned sheep corral on degraded subalpine range of the

Wasatch Plateau were studied to determine the influence of appro.ximately 37 years' use of the corral on soil and plant

development. Vegetal and surface cover were estimated. Herbage, litter, and soils were sampled inside and outside the

corral and analyzed for Cg^„, N, P, and S. Soil pH, bulk density, and CO3-C also were measured. Storage (mass/unit area)

of C^rg. N, P, and S was determined for each component. Yield and vegetal composition were significantly affected inside

the conal boimdary. Herbage yield was 2.2 times greater, litter mass 16 times greater, foliar cover of grasses 2 times

greater and forb cover 70% lower inside than outside the corral. Cover of meadow barley {Hordeum brachyantherum), a

component of the predisturbance vegetation of the Wasatch Plateau, was nearly 12 times greater inside than outside the

corral. These and other vegetal and cover differences reflect inside-outsidc differences in concentration, storage, and

availability of soil Co^jt, N, P and S. Concentrations of Cq^„ and total and available N, P and S were greater in the surface

5 cm of soil inside the corral. Available P inside the coiTal was much higher in all soil layers. Because of bulk density dif-

ferences, storage was greater inside the corral only for Cy^jr and N at 0-5 cm and for P at 5-15 cm. Lower soil pH inside

the corral appears related to soil P distribution and CO3-C storage. Results suggest a need to reexamine earlier conclu-

sions that tall forbs are the climax dominants of the Wasatch summer range.
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After 35 years of destructive grazing by cattle

and sheep in the late 1800s, the subalpine range

of the Wasatch Plateau east of Ephraim, Utah,

was in extremely poor condition (Reynolds

1911, Sampson and Weyl 1918, Sampson
1919). Erosion and alteration of vegetal cover

reached such severe proportions that most of

the soil A horizon was lost to erosion, and
mud-rock floods were a common occurrence

in the canyons leading to valleys and settle-

ments at the base of the Wasatch Front

(Reynolds 1911, Croft 1967). In some places

only subsoils remained when control of graz-

ing was finally achieved with establishment of

the Manti National Forest in 1903 (Reynolds

1911, Sampson and Weyl 1918, Ellison 1949).

Although condition of the range improved
steadily over the next several decades, most of

the summer range was still unstable in 1950,

and accelerated erosion was continuing but at

greatly reduced rates (Ellison 1954, Meeuwig
I960).'

Under moderate grazing secondary succes-

sion occurred from 1903 to about 1940 when it

slowed perceptibly (Ellison 1954). Since then

succession has been extremely slow (Johnson

1964, Intermountain Research Station,

Ogden, Utah, unpublished data). Our observa-

tions suggest that soil and vegetal conditions

have essentially stabilized since Ellison s last

obsei-vations in the mid-1950s. Webelieve the

slow rate of succession and range improve-

ment in the Wasatch subalpine since then is

directly attributable to extreme amounts of

soil loss and relatively low fertility of soils that

remained after the period of degradation. Based

on examination of numerous soil profiles on

the plateau and those of similar soils else-

where, we believe at least 50%, and possibly

as much as 80 or 90%, of the A horizon was

lost from this summer range via accelerated

erosion. Such a loss would certainly remove a

large portion of the soil's organic matter and

nutrient capital and significantly alter produc-

tive potential.

In recent years we have pursued this

hypothesis with several studies. This paper

reports the results of a fortuitous observational

study designed to demonstrate the effect of

organic matter and nutrient additions over

time on development of soils and vegetation of

the Wasatch subalpine range. During field
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studies in 1988, we happened upon ;in aban-

doned and dilapidated sheep corral that obvi-

ously had not been used in many years (Fig. 1).

No remains of manure were present inside the

conal; vegetation and litter development were

advanced and perennial grasses were abun-

dant (Fig 2A). The contrast with vegetation

and litter outside of what remained of the cor-

ral fence was striking (Fig. 2B).

The corral offered an opportimity to docu-

ment effects of use of the corral (1936-73) and

inputs of organic matter and nutrients via sheep

manure during its use to soil and vegetal

development inside the corral boundaiy.

Study Area

The Buck Ridge corral study site (39°15'N,

lir26'W) is located about 18 km east of

Manti, Utah, on Cheriy Flat adjacent to Buck

Ridge Road and about 1.6 km east of Skyline

Drive. This location is 5 km south of the

Alpine Station and the well-known and stud-

ied Watersheds A and B of the Great Basin

Experimental Range established by Dr. Arthur

W. Sampson in 1912 (Sampson and Weyl 1918,

Meeuwig 1960). Cheriy Flat is typical of the

crest of the Wasatch Plateau, which is about

3150 melevation. The plateau is long, narrow,

and oriented approximately north and south

with riblike ridges extending east and west.

The top of the plateau is gently rolling to nearly

level. Average annual precipitation is about 840

mm; two-thirds of this falls as snow between

November and April. Precipitation averages

173 mmduring the summer months (June

through September) but varies considerably.

Mean annual temperature is about 0°C (Ellison

1954).

In the vicinity of the corral, Cherr>' Flat has

a gentle 2%slope to the east; microtopography

is smooth. Soil parent materials are of the

Flagstaff Formation (Stanley and Collinson

1979) that crop out over about 7200 km- in

central Utah (Schreiber 1988). Dominant lith-

ology is freshwater lacustrine limestone and

Fig. 1. Reiiuiiiis of Buck Ridge tonal as it appeared in 1989.
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corral and frequency of use. For the past 10

years, the Buck Ridge allotment, comprising

4235 ac, has been grazed by sheep at the rate

of 3.3 ac/AUM from 1 July to 30 September.

Methods

As a basis for conducting this observational

study, we first assured ourselves that areas

inside and outside the corral boundary were

initially alike in every respect and that site

characteristics had no bearing on the precise

location of the corral at the outset or on the

findings. There were no differences in topog-

raphy (or microtopography) and no evidence

that other state factors (climate, biotic factor,

parent material) differed within the small

study site (about 0.75 ha) of the corral area. To

assess the differential effect of nutrient addi-

tions inside and outside the corral, we sampled

vegetation, litter, and soil in midsummer.
Moisture conditions were dry at the time and

little grazing had occuned inside or outside die

corral. Present condition of the corral fence

(Fig. 1) indicates that sheep have had near

equal access to both sides of the corral bound-

ary for many years, but there is no record of

how long fence cross rails have been down.

Cover by species (foliar projection), litter,

soil, and rock were estimated in 10 randomly

located 0.5-m^ plots inside and outside the

corral (within 10 m of the corral boundary).

Herbage and litter were hai'vested in the same

plots, oven-dried (70 °C), and weighed. Six

randomly located soil pits were sampled
inside and outside the corral. At each pit, soil

cores (5.197 cm dia.) were collected from the

0-5-, 5-15-, and 15-30-cm layers. Plants and

litter were ground to pass through a 0.425-mm
sieve. Soils were air-dried, sieved to remove
the >2-mm fraction, and then ground to pass

through a 0.150-mm sieve.

Plant and soil samples were analyzed for

total N by semi-micro-Kjeldahl (Bremner and

Mulvaney 1982) and total S by dry combustion

(Tiedemann and Anderson 1971) in a LECO
high-frequency induction furnace (LECO
Corp., St. Joseph, Michigan). Plant and soil

samples were analyzed for total C by dry com-

bustion (Nelson and Sommers 1982) in the

LECOhigh-frequency induction furnace.

Organic C (C^^g) of soils was determined by

correcting total C for carbonate-C as deter-

mined by a gasometric method (Dreimanis

1962). Total P was determined in plant materi-

al using the vanado-molybdo-phosphoric yel-

low color method after dry-ashing (Jackson

1958) and in soils using ascorbic acid color

development (Olsen and Sommers 1982) fol-

lowing hydrofluoric acid digestion (Bowman
1988). Available nutrients in soils were deter-

mined as follows: P using ascorbic acid color

development following 0.5 M sodium bicar-

bonate extraction (Olsen and Sommers 1982),

N by steam distillation of 2 N KCl extracts

(Keeney and Nelson 1982), and S with 1:1

water extracts, followed by ion chromatogra-

phy (Dick and Tabatabai 1979).

Tests of significance for difference between

inside and outside values for all variables stud-

ied were carried out with the t test. Werecog-

nize the desirability of replicating the inside-

outside corral comparison. Unfortunately, that

was not a design feature we could control;

other abandoned corrals —even less than 37

years age—simply do not exist on this summer
range.

Results

Vegetation

Obvious visual differences in vegetation,

litter, and soil surface conditions inside and

outside the old corral (Figs. 2A, 2B) were con-

firmed in the data (Table 1). Herbage yield in-

side the con-al was 2.2 times greater than out-

side. Although total herbage cover inside and

outside the corral was the same (65%), grasses

comprised a much greater percentage of foliar

cover than did forbs inside than outside the

corral. Three perennial grasses {Agropyron

trachycaiiliim, Hordeiiin hrachijanthcrwn, and

Stipa letiennani) dominated vegetal cover

inside the corral (Table 2); outside the corral

A. trachijcmdwn and S. leffcrmani were equal-

ly important, but H. hrachyanthcrum was
unimportant.

Forbs were represented by 7 species inside

the corral and 11 species outside (Table 2).

Taraxacum officinale and Achillea miUefolium

were the dominant forbs inside and outside

the corral, but their cover outside was much
greater than inside. No other forb species con-

stituted more than 4% of the herbage compo-

sition.

Soil surface protection by litter differed

markedly inside and outside the corral. Mass

of litter inside the corral was 16 times greater
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Table L Influence of long-term corral effects on vegeta-

tion, litter, and soil surface characteristics at Buck Ridge.

Component
and attribute
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Table 3. Conct'Titration ot C,„.j,, \, R and S in components of tlic soil-plant-litter system inside and outside Buck Ridge

corral.
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Table 4. Storage of Co^g, N, F, and S in components of the soil-plant-litter system inside and outside Buck Ridge corral.
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1 ABLF 5. Concentration of available soil N, P, and S inside and outside Buck Ridge corral.
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Table 6. Effects of inside and outside positions of Buck Ridge corral on bulk density, pH, and carbonate-C of soil layers.
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Tabli-: 8. Comparison of cover data for Buck Ridge cor-

ral with Ellison s data for "relic natural areas and sites at

Elk Knoll.
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